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OHIO PETROLEUM. 
Aside from our own publications on the sulphur com- 
pounds in Ohio oil (Prac. Amer. Acad, 25, 218; Amer. Chem. 
ffeurn. 16, 83), and those of Orton (Ohio State Geological 
Reports for i886, i888, i89o; and United States Geological 
Report, 1886-87) , I have seen no published statements con- 
cerning the composition of the Ohio sulphur petroleum. 
The crude oil, that has formed the basis of this work, was 
received from the Peerless Refining Company, Findlay, O., 
VOL. CXL. No, 835. 
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which controls a large section of oil territory. This oil was 
somewhat  thicker in consistency than Pennsylvania oil, 
with a sl ight odor of hydric sulphide, and it contained a 
small quant i ty  of water which was slowly removed by 
fused calcic chloride. Its specific gravity at 20 ° was found 
to be 0"838. 
A determination of sulphur gave 0"72 per cent., a value 
somewhat  higher than we have hitherto obtained, 0"55 per 
cent. Markownikoff and Ogloblin obtained in Apsheron 
petroleum 0"064 per cent. and in the Transcaspian oil o"I6 
per cent. 
A combust ion in oxygen with a layer of p lumbic per- 
oxide in front to retain the sulphur (Warren, Proc. Amer. 
Acad., 6, 472) gave the fol lowing percentages of carbon 
and hydrogen : Carbon, 84"57 ; Hydrogen,  I3"62. 
Bromine absorption in the crude oil and in some of the 
fractions was determined by the method given in Allen's 
Commercial Organic Analysis, Vol. II, page 388, with the fol- 
lowing results :
Percentage 
o f  Bromine 
Fraction. A bsorbed. 
110°-15 °0 . . . . . . . . . . . . . . . . . . . . . . . . . .  0"73 
15o°-22o ° . . . . . . . . . . . . . . . . . . . . . . . . . .  I'74 
2200-257 ° . . . . . . . . . . . . . . . . . . . . . . . . . .  4"84 
257°-300 ° • . . . . . . . . . . . . . . . . . . . . . . . . .  5"04 
30o0-33 °0 . . . . . . . . . . . . . . . . . . . . . . . . . .  12"1 
Residue . . . . . . . . . . . . . . . . . . . . . . . . . .  19" 5 
. 
A determmatlon of the bromine absorption in the crude 
oil gave 6'I per cent; 
The distinctive qualit ies of Ohio oil appear also in the 
proportions which distill at different temperatures;  800 
grams of the crude oil distil led in the fol lowing proportions, 
beginning at  i i o  ° : 
IIO°--I5 O° 150°--220 ° 2200--257 ° 2570--300 ° 3000--350 ° Residue 
Grams. . .  76 133 86 76 69 348 
Per cent. 9"75 16"63 lO"75 9"75 8"63 43'5 
Sp. Gr. at 2p ° 0"7282 0"7669 0"7940 o"8138 0'8242 0"8976 
Per cent. 
su lphur  o IO o'38 o'4t o'37 0"37 0"54 
The disti l lates below 225 ° were not appreciably decom- 
posed, since they were free from color and odors result ing 
from decomposition. At  somewhat  higher temperatures 
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the distillates were colored, with characteristic penetrating 
odors. It was, therefore, evident hat in the refinery distil- 
lation of Ohio oils cracking begins in the vicinity of 25 o°. 
There is evidence that certain extremely unstable constitu- 
ents of the crude oils, when separated, ecompose on stand- 
ing, and no doubt similar decompositions take place, perhaps 
more slowly, when they are dissolved in other portions 
of the oils. At the beginning of the distillation, hydric 
sulphide appears to some extent, but the higher fractions 
are nearly free from it. Considerable sulphur is lost during 
distillation, as shown by analyses of the crude oil and of 
products obtained from it. In determining experimentally 
what became of the sulphur evolved, it appeared t9 escape 
mainly as hydric sulphide, with the separation in small 
quantity of free sulphur and perhaps in still smaller quan- 
tities as volatile sulphur compounds. 
The ash obtained by igniting the residue from the dis- 
tillation of the volatile portions of petroleum, has fie- 
quently been examined. Traces of metals, gold, silver and 
copper have been found, as well as the oxides of calcium, 
iron and aluminum. In the ash of Caucasus petroleum 
Markownikoff and Ogloblin found substantially the same 
composition, and the quantity of ash calculated for the 
original quantity of crude oil amounted to o'09 per cent. 
In the coke from Ohio petroleum, we have found 95"06 per 
cent. of carbon, 4"85 per cent. of hydrogen, and o'I I per cent. 
of ash. 
It has already been mentioned that all petroleums are 
regarded by some chemists as having a similar composi- 
tion, the difference in properties depending upon a variation 
in the proportions of the constituents. The Caucasus petro- 
leum contains but a small proportion of the series CnH2, + 2, 
and the Pennsylvania oil, so far as it has been examined, 
contains the series CnH2n in much smaller proportions than 
the Russian oil. Referring the sulphur in Ohio petroleum 
to the average composition of the compounds containing it, 
the sulphur derivatives should amount o at least five per 
cent. of the crude oil. Such a proportion of sulphur com- 
pounds must necessarily exert an important influence on 
the properties of the crude oil as well as of the products ob- 
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tained from it. To ascertain, therefore, the relation in which 
the Ohio sulphur oil stands to the other two petroleums in 
question, it seemed necessary to submit  the Ohio product 
to an examination for all constituents. We have under- 
taken to determine first the presence of the hydrocarbons 
C,H~n +5, with the approximate quant i ty  of each member  
of this series, except those with low boi l ing points. 
HYDROCARBONS CnH2n+2. 
For the separation of the members  of this series, we pro- 
cured twenty-five liters of the most volati le refinery distil- 
lates collected from a 3oo-barrel still. This product was 
subjected to distil lation in quantit ies of eight liters each, 
with the aid of a Warren condenser filled with a mixture of 
salt and ice, ice alone or water dependent upon the boil ing 
point of the disti l late collected, placing in front of the con- 
denser another containing the freezing mixture. To collect 
any gas that might escape during the distil lation, a delivery 
tube dipping beneath an inverted receiver filled with water 
was connected to the bottle receiving the distillate. At  
first, a very small quant i ty  of gas collected, which burned 
with a smoky flame, but  none afterward. In refinery distil- 
lation of the Ohio oil, gases escape in considerable quanti- 
ties before disti l lates condense, but  we have not yet exam- 
ined them. Wi th  the exception of hydric sulphide, probably 
these gases~do not differ essential ly from those which are 
evolved at tile beginning of the disti l lation of Pennsylvania 
oil. I am not aware that the composit ion of the gas from 
Ohio oil wells has been determined, but  it is probably not 
very different from that of the gas issuing from the Penn- 
sylvania wells which Sadtler (Amer. Chem., 7, 97) found to 
consist principally of methane, with smaller quantit ies of 
ethane, hydrogen, carbon dioxide and nitrogen. In the gas 
from the Canadian wells at Enniskillen, Fouqud (Compt. 
Rend. 67, 1o45) found marsh gas, ethane, and small quanti- 
ties of carbonic dioxide. 
The first disti l lates were subjected to further distil lation 
until a considerable quant i ty  collected that distil led tolera- 
bly constant within narrow limits of temperature, corre- 
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sponding to the boil ing points of the hydrocarbons. Between 
o ° and I °, 35 grams collected, which disti l led for the most 
part at o °, barometer 74I ram., corresponding to the boil ing 
point of butane. At  70-9 °, 20 grams of a disti l late collected, 
corresponding to the hydrocarbon which was separated by 
Warren from Pennsylvania petroleum, and which he re- 
garded as one of the butanes. Of the two possible butanes 
there can be no doubt that one boils at o °, and Butlerow 
(Ann. Chem. Pharm. 144, to) obtained from isobutyl  alcohol 
a butane to which he assigned as the boi l ing point --17°'5. 
Since, therefore, there seems to be some question concerning 
the product which he collected at 8 °, more of this disti l late 
will be procured for the s tudy of its chemical behavior to 
ascertain whether  it be a definite compound. 
Between 29 ° and 3 o~, barometer  747 ram., the disti l late 
amounted to 75 grams, and a vapor density determinat ion 
gave the value required for isopentane; found 2"52 , re- 
quired for pentane, 2"49. At  37o-38°, 75 grams distilled, and 
this product gave as its vapor density, 2"49; required for 
normal pentane, 2'49. At  6o°-6t °, 5o grams collected, which 
gave a vapor density required for isohexane; found, 2"94; 
required, 2"98. The quant i ty  of product collected at 67°-68 °
gave as its vapor density, 3"oo; required for normal hexane, 
2"98. On account of the manner in which these disti l lates 
were collected, the weights afford no information concern- 
ing the proportions in which they are contained in the crude 
oil, although they are evidently present in much smaller 
quantit ies than in Pennsylvania oil. 
For the separation of the hydrocarbons with higher 
boil ing points, the fraction --15 °° from the crude oil distil led 
in vacuo, was submitted to further distil lation under atmos- 
pheric pressure. 4I'5 kilos of crude Findlay oil was dis- 
tilled under a tension of 5o rnm., and products separated 
within the l im i ts - - ioo  °, I00°-150°, 150°-200 °, 2000-250 °,
e5o°-35o °, and the residue above 350 °, which was preserved. 
These products c'ollected with but" sl ight decomposit ion 
and without  the disagreeable odors characterist ic of refinery 
distillates. On account of the reduced pressure, doubtless 
some of the more volati le const ituents were lost, and in 
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subsequent operations scarcely any disti l late collected 
below 30 ° . With in  these limits the disti l late collected in 
the following proportions : 
- Ioo  ° Ioo°-I5 °0 I5O°-2o0 ° 2000-25 °0 2500-35 °0 Res idue.  
Grams . . . .  80oo 8520 6480 770o 2670 9o00 
Percent . .  . I8'6 I9"8 I5"I I8" 6"2 20" 9 
The following results were obtained in determining the 
specific gravity of the disti l lates: 
--I00 ° IO0°--ISO ° 150°--200 ° 2CO°-25 O° 2500--35 °0 Residue.  
o'7445 o'7941 0"8245 0"8455 0'907 o'9139 
No hydric sulphi4te was detected in the fraction - - ioo  °, 
but it was present in small quantit ies in the higher frac- 
tions. The percentages of sulphur were determined by 
combustion in air, 
--IOO ° I00°--I 5 O° I50°-2OO ° 2OO°--3 I5 ° Residue.  
Percentage  } 0.054 o'25 0'42 o6 i  o'67 
of  su lphur  J
A comparison of these results with the percentages of 
sulphur in the distil lates collected under atmospheric pres- 
sure (see p. 2) shows the influence of distil lation in vacuo, 
diminishing the quant i ty of sulphur in the lower products. 
This is one of the desirable features of vacuum distil lation 
for the sulphur petroleums. 
The portion collected below i5o ° in the first distil lation 
was submitted to a series of separations under atmospheric 
pressure with the aid of Hempel  and Warren condensers. 
In successive distillations~pcollecting within 5 °, within 2 °, 
and finally within i o, the distil lates collected rapidly within 
limits of temperature corresponding to the boil ing points of 
the well-known hydrocarbons CnHo,~ +o., and at certain other 
points where an equi l ibr ium in boiling points seemed to be 
established by mixtures of lower and higher products. To 
separate the constituents of such mixtures required long- 
continued istillations, but  for the most part  it was evident 
that they corresponded to no individual hydrocarbons. In 
puri fy ing the distil lates containing the hydrocarbons for de- 
terminat ion of vapor density, they were first shaken with 
alcoholic mercuric chloride to remove the sulphur com- 
pounds. The sulphur remain ing in solution after this treat- 
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merit was usually less than 0"03 per cent., provided the com- 
pound, R2SHgCI~, was crystalline, as was observed in most 
of the fractions below i5 o°. In fractions with higher boil- 
ing points the mercury is held in solution, either as the mo- 
lecular compound of the sulphide or in some other combina- 
tion, with such persistence that it can be removed only by 
the prolonged action of hydric sulphide on the hot distil- 
late. In some of the sulphur oils hydric sulphide in the 
cold will not precipitate the mercury. This solvent action 
of the sulphur oils on metals, metall ic oxides and certain 
other compounds seems to be a characterist ic property 
which has also been observed in other petroleums. Macadam 
(Journ. Cherts. Sbc., 84, 355) ascertained that certain metals, 
such as lead, solder and zinc, are quite readily acted upon, 
and that some oils exert a greater solvent action than 
others. This solvent action was attr ibuted by Macadam to 
the hydrocarbons, but  Engler (Ber. der deutsch. Gesellsch., 
12, 2186) repeated the experiments of Macadam and ascer- 
tained that metals are not affected when air is excluded. 
Engler, therefore, concluded that acid compounds are formed 
in the oil by exposure to air which dissolves metall ic oxides. 
Wi thout  doubt the purification of refined distil lates from 
the sulphur petroleum by agitation with an alkaline solu- 
tion of plumbic oxide depends, in part, at least, upon the 
solvent action of certain const ituents of the oil. It may be 
that the solvent action is due to the combined effect of the 
oxygen and the sulphur compounds, assuming, of course, 
that oxygen compounds are contained in the sulphur petro- 
leums which, from the analogy of other oils, may, at least, 
be regarded as probable. Th is  subject  will receive further 
attention when we reach the higher distillates. 
• For further purification each fraction was agitated, first 
with concentrated nitric, then with concentrated sulphurie 
acid, and finally heated for some time under a vertical con. 
denser with metall ic sodium. The fractions in the vicinity 
of 8o ° will be considered with the aromatic series. The 
disti l late collected at 89°-9 o°, barometer  754 mm., gave a 
vapor density 3"43, corresponding to that of isoheptane, 3"46. 
At 960-97 °, 50 grams distil led constant, barometer 744 mm., 
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and the vapor density of this product was found to be 3"42 ; 
required for heptane, 3"6. No other oils were collected in 
any considerable quant i ty  below io9 °, the point where toluol 
began to appear. P i f tygrams distil led constant at 119°-12o °,
barometer  749 mm., and gave as its vapor density 3"89 ; the 
vapor density required for octane is 3"94. Since there seems 
to be some doubt concerning the existence of an octane at 
this point, this fraction was carefully purified in the manner 
described above, fol lowed by prolonged boil ing with so~tium. 
Determinat ions of carbon and hydrogen, and of vapor den- 
sity gave results agreeing closely for values required for 
octane. As further proof of the existence of a hydrocarbon 
with this boil ing point, a considerable quant i ty  has been 
prepared for the purpose of trying the action of a chlorine 
and the formation of other derivatives. 
Warren (Mere. Amer. Acad. (N. S.), 9, 156) separated 
a const ituent of Pennsylvania petroleum which disti l led 
constant at I i9°'5, with a vapor density corresponding to that 
of octane. From the particular care with which the deter- 
minations of Warren were made, there can be no doubt 
concerning the existence of a hydrocarbon in Pennsylvania 
petroleum with this boil ing point. A l though Beilstein 
and Kurbatof f  recognized hexahydroisoxylol  in a disti l late 
of Pennsylvania petroleum collected at i i9°'5, it is probably 
not the principal const ituent with this boil ing point ; it cer- 
tainly does not constitute the main portion of this fraction 
in Ohio petroleum. In a distil late from coal Schorlemmer 
(Journ. Chem. Soc., 15,419) separate1 an octane boi l ing at 119 °- 
I2O °, and subsequent ly  (Ann. CT~em. Pharm., 1~7, 3II) he 
identif ied the same body boil ing at 119 ° in petroleum. But 
in the treatise on Chemistry, by Roscoe and Sehorlemmer, 
New York, I886, it is stated that the three octanes known 
are: normal octane, boi l ing point I25°'46, found in petro- 
leum; tetramethylbutane,  boil ing point io8°'5; and hexa- 
methylethane,  melt ing at 960-980 and boil ing at IO5°-Io6 °. 
Above x2o °, after the eleventh distillation, the disti l lates 
collected in considerable quantit ies within the l imits of I o. 
I20°--I2I ° I2I°--122 ° I22°--I23 ° 123°--I2~ ° I24° - I25  ° I25°--I26 ° I26° - I27  ° I27° -128  ° 
grams 35 40 8o 70 75 75 6o 40 
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After  prolonged istil lation considerable quantit ies till 
collected at I22°-125 °, and they contained a small quant i ty  
of aromatic hydrocarbons. We are collecting larger quan- 
tities of these oils for study of their behavior towards 
chemical reagents. The greater portion of the fractions 
125 °-I 3 °0 were lost in an accident after the eleventh distilla- 
tion; but sufficient was preserved, disti l l ing at I27°-I28 °, 
for a vapor density determinat ion which gave 3"85 ; required 
for CsH,s, 3"94. The liquid collected between 127°-I28 °, by 
Warren at this point, was found to have the boil ing point 
i27°'6 ; the vapor density found by Warren was 3"99. 
All the distil lates between i 15 ° and 13 °0 evidently need 
to be carefully examined with larger quantit ies of oil. The 
portion collected at I3O°-I45 ° will be considered in connec. 
tion with the aromatic compounds. 
The fractions collected between 144°-148 ° were small in 
quantity after long-continued distillation. Eighty-five grams 
were collected at 1490-151° , of which forty grams distil led 
constant at t49°-I5O °, barometer 756 ram., and a vapor 
density determination gave 4"63, required for C9H20, 4"43; 
boiling point of nonane I5o°'8 (Warren). Below this point, 
Ohio sulphur petroleum seems to contain members of the 
series CnH2n+2, corresponding to those which have been 
recognized in Pennsylvania oil, but in smaller quantities. 
They form one-fifth of the crude Pennsylvania oil and but 
one-tenth of the Ohio oil. It has not seemed necessary to 
obtain further  evidence than is necessary to show the simi- 
larity of the Ohio products with those which have been 
found ii~ the Pennsylvania oil. This portion of our work 
may seem to possess less interest than the study of the 
higher boil ing fractions, yet it has appeared of sufficient 
importance to just i fy the necessary expenditure of t ime 
and effort. The higher fractions have been quite thoroughly 
distilled, and these products, with the residue above 35o ° of 
the first vacuum distillation, are reserved for future study. 
AROMATIC  HYDROCARBONS.  
Ser ies  CnH~n - ~. 
BenzoL--After the sixth distillation, 25 grams collected at 
77°-79% 35 grams at 79°-8i °, and 20 grams at 81°-83 °. Ben- 
IO Chemical Section. []. F. I., 
zol was determined in these fractions by treating a weighed 
quant i ty  with a mixture of nitric and sulphurie acids, distil- 
l ing off the hydrocarbons not affected and weighing them and 
the residual nitrobenzol. The fraction 77°-79 ° gave 3 per 
cent. of benzol; the fraction 79°-81°, 15 per cent.; and the 
fraction 81°-83 °, 5"8 per cent. The fractions 750-760 and 
850-86 °, when treated in the same manner, left scarcely any 
residual nitro-product after distil lation, and the sl ight resi- 
due gave no reaction for aniline with furfurol after reduction 
with tin and hydrochloric acid and distil lation. This quan- 
t ity of benzol, calculated for the 41 "5 kilos of crude oil taken, 
amounts to 7"16 grams, or o"oi 7 per cent., which represents 
approximately the quant i ty  of benzol in the crude oil. 
Toluol.--In examining the fraction lO7°-113 ° after the 
sixth distil lation for toluol, a weighed quant i ty  of the oil was 
treated with nitrosulphnrie acid, keeping the solution cold. 
On standing, crystals of dinitrotoluol separated, which were 
identified by their melting-point, 71° . The portion of the 
oil not affected by the acid was removed by distillation, and 
the quant i ty  of toluol corresponding to the residual hydro- 
carbon was 1"14 per cent. of the total distil late in the frac- 
tion lO7°-1o9% to I3"O 7 per cent. in the fraction lO9°-111% 
and 2"8 per cent. in the fraction I I I°-I  13°; the total weight  
of the first fraction was 50, of the second 8o, and of the third 
65 grams. The total weight of toluol was, therefore, i2"84 
grams, corresponding to 0"03 per cent. in the 4!"45 kilos of 
crude oil, which may be accepted as the approximate quan- 
t ity of toluol in Ohio petroleum. The fraction I I4°- I I5  °, 
when treated in a similar manner, gave a nitro-product 
which was apparently unchanged by reduction, since it 
would not dissolve in acids; it must, therefore, be derived 
from another series, perhaps from an unsaturated hydro- 
carbon, CnH2n. 
Xylols.--Metaxylol has been identified in various petro- 
leums, having been found first together with other homo- 
logues of benzol by De la Rue and Mtiller (Proc. Roy. Soc., 
1856, 22I)in the Rangoon petroleum. Of the other isomeric 
xylols only the para-compound has been recognized, and that 
by Pawlewski  in Galieian petroleum. 
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Our products were collected, after twenty distillations, at 
intervals of I ° between 1360 and I42°, the greater portion 
distilling at I37°-I380 , i39°-i4o ° and I4I°-I43 °. These 
fractions were readily acted upon by nitric acid, forming 
nitro-compounds or oxidation products according to the 
form of the reaction. In testing for the presence of para- 
xylol in fraction z37°-i38°, a portion was treated with a 
mixture of nitric and sulphnric acids, at first in the cold, 
then with the aid of a gentle heat. After distillation of the 
portion not affected, a brown oil remained, which deposited 
a crystalline solid on standing, and, after crystallization 
from alcohol, a substance formed in glistening white needles 
melting at I39°-I4 o°. It was, therefore, trinitro-/~-xylol, 
melting-point I39°-(4o ° (Nt~lting and Geissmann, Ber. der 
deutsch, chem. Gescllsch., 19, I44). Another portion of the 
same fraction with fuming nitric acid in the cold gave long, 
yellow needles, sparingly soluble in alcohol, melting at I45 o; 
therefore, dinitro-p-xylol, melting-point I47°-i480 (Lell- 
man, Ann. Chem. u. Pharm., 228, 250). For further confirma- 
tion, more of the same oil was boiled for some time with 
chromic acid, and the solution extracted with a considerable 
quantity of ether. The solid remaining after evapora- 
tion of the ether appeared in the form of minute prisms 
which were insoluble in water, but dissolved readily in sodic 
hydrate, and sublimed without melting. The properties of 
this substance, therefore, corresponded to those of tereph- 
thalic acid. Another portion of the same oil when heated 
thirty hours, after distillation of the hydrocarbon not 
affected, left only an oily product. Upon heating a much 
longer time the oily residue was neutralized with sodic 
hydrate evaporated to dryness, the salt decomposed with 
hydrochloric acid, and the solution extracted with ether; 
the crystalline solid left by evaporation of the ether was 
probably p-toluic acid, but it was not obtained in quantity 
sufficient for identification. 
~letaxylol.--After heating a portion of the fraction 139 °- 
I4o ° with a mixture of nitric and sulphuric acids during 
forty-eight hours, and distilling the oil not affected by the 
acids, the solid which remained, together with the crystals 
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collected on Cooling the acid mixture, was purified by crystal- 
lization from hot alcohol ; the long, slender, colorless needles 
thus obtained melted at 175°- i760 , showing its identity as 
trinitro-m-xylol, melt ing point 176°. 
In the fraction 141°-143 ° several attempts were made to 
ascertain the presence or absence of orthoxylol, but  the 
nitro-products and the acids result ing from oxidation were 
not obtained in sufficient quantit ies to dist inguish them 
from the corresponding derivatives of metaxylol. 
Approximate quantitat ive determinations of the xylols 
showed that they were present in the crude oil in very small 
proportions. In the fraction 137°-I38% the quant i ty  of 
paraxyl.ol corresponded to o"o21 per cent. in fraction i39 °- 
14o ° , the quant i ty  of metaxylol  to o"o16 per cent. The 
quant i ty  of xylol found in the disti l lates I42°-I43 ° corres- 
ponded to o"o2i per cent. of the crude oil; and, since the pre- 
sence of orthoxylol is doubtful,  the xylol in these fractions 
was probably the meta-compound. A l though the distilla- 
tion of these portions was long-continued, the xylols were 
evidently not all collected in their respective fractions. At  
least one-third should be added to the percentages given 
above from outside sources. 
There were indications in the disti l lates 13o°-14 o° of 
other const ituents capable of forming nitro-products, per- 
haps ethylbenzol and hexahydromesitylene.  At tempts  were 
made to identify these bodies, but  the quantit ies of tile dis- 
ti l lates were insufficient. Further  examination for these 
bodies will be made with larger quantit ies. 
SERIES CnII2n. 
I-texahydro compounds (Beilstein and Kurbatoff) ;  naph- 
tenes (Markownikoff and Ogloblin). 
This  series of hydrocarbons, so far as they have been 
investigated, include the following members :  
Boiling Point. 
I - I exahydrobenzo l  (~6H12)  . . . . . . . . . . . . . . . . .  69  ° 
Hexahydroto luo l  ( C ~ H 14 ) . . . . . . . . . . . . . . . .  960 
Hexahydro isoxy lo l  (C8H18)  . . . . . . . . . . . . . . . .  ' 118 ° 
Hexahydromesitylene (CgHls) . . . . . . . . . . . .  135°-1380 
Hexahydroeumol (CgHls) . . . . . . . . . . . . . .  147°-15 °0 
Hexahydrocymol (C10H20) . . . . . . . . . . . . . . .  171°-173 ° 
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In examining the distillates from Ohio petroleum for 
the hydrocarbons of this series, beginning with hexahydro- 
benzol, the fraction 69°-7 o°, after the fourteenth distillation, 
was shaken with concentrated nitric acid, with concentrated 
sulphuric acid, and then heated to boiling with metallic 
sodium. Determinations of carbon and hydrogen in the 
oil thus purified gave results corresponding to the compo- 
sition of hexane : 
I. o'1618 gram of the oil gave o'4934 gram CO2 and o'2299 
gram H20. 
II. o'I89I gram of the oil gave 0"579 ° gram CO,, and 
o'2663 gram H20. 
REQUIRED FOR FOUND. 
' C6H14 C~HI2" I.  I I .  
C . . . . . . .  83"72 85 7I 83"I8 83"5I 
H . . . . . .  I6"28 I4"28 x5'79 I5"65 
~IZIexahydrobenzol is therefore not present in Ohio oil. 
The fraction 960-97 °, barometer 75o millimeters, after the 
fourteenth distillation, was purified as before, and its com- 
position determined by analysis : 
0"2083 gram of the substance gave 0"6423 gram CO2, 
and o'2849 gram H20. 
o'2oio gram of the substance gave 0"6200 gram CO2, 
and 0"2744 gram H~O. 
I~E~UIR ED FOR. FOUND. 
CTHa6 CTHi4 L I/. 
C . . . . . . .  84"00 85"7I 84"o9 84'72 
H . . . . . .  x6"oo i4"28 I5"27 I5"x7 
This oil was evidently heptane, CTHI6, the low percentage 
of hydrogen indicating perhaps a trace of hexahydro- 
toluol. Another portion of the fraction was then boiled for 
some time with a mixture of nitric and sulphuric acids, dis- 
tilled over sodium and analyzed. The percentage of carbon 
and hydrogen corresponded to the composition of heptane : 
Carbon, 83"75 ; hydrogen, i6"28. 
In a distillate 95 °-Ioo° from American ligroine, Beilstein 
and Kurbatoff found 84" 3 per cent. of Carbon and i5"4 per 
cent. of hydrogen. After prolonged heating with dilute 
nitric acid, the oil distilled at 98°'5-99°'5, and gave, on 
analysis, 84"2 per cent. of carbon and I5" 9 per cent. of 
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hydrogen, from which it was inferred that hydrocarbons 
poorer in hydrogen, were contained in the crude ligroine. 
Hexa@droisoxylol (Octonaphtene, Markownikoff).--Hexa- 
hydroisoxylol was found by Beilstein and Kurbatoff  in 
Caucasus petroleum (Ber. tier deutsch, chem. Gesellsch., 13, 
1818), and in American ligroine (ib~d, 13, 2o28); since the 
American source was not mentioned, it is to be inferred 
that the ligroine was prepared from Pennsylvania oil. In 
test ing the fraction i18°- i i9 °, fourteenth distillation, for 
hexahydroisoxylol, a portion of the oil was heated forty 
hours with a mixture of nitric and sulphuric acids. On 
cooling, long, flat plates separated from the oil, nearly 
insoluble in cold, more readily in hot alcohol. After crys- 
tallization from alcohol, this substance melted at t78 ° , and 
was, therefore, trinitroisoxylol. A similar nitro-product, 
with the same melt ing point, was obtained from the fraction 
i23°-i24 °. There can be no doubt that the trinitroxylol 
obtained from fraction 1 I8 °- 119 ° indicated the presence of 
hexahydroisoxylol  since the prolonged istil lation precluded 
the possibility that this fraction contained metaxylol. As 
it appeared in the study of this fraction, hexahydroisoxylol 
was present only in very small  quantity. 
After  agitat ing thoroughly a portion of the same distil- 
late with a mixture of nitric and sulphuric acids, and distil- 
l ing over sodium, analysis gave percentages of carbon and 
hydrogen required for octane : 
REQUIRED FOR FOUND. 
C . . . . . . .  84'20 85"7I 84"42 84'28 
H . . . . . .  I5"79 I4"28 15"I 9 15'o8 
Since the percentage of hydrogen is somewhat too low, it 
is possible that the hexahydro-compound was not entirely 
removed by the t reatment with acids, especially as we have 
found that prolonged heat ing with the acid mixture is 
necessary even to form a crystall ine nitro-product. 
In describing the properties of hexahydroisoxylol,  Wre- 
den found that it was readily converted by a mixture of nitric 
and sulphurie acids into trinitro-meta-xylol, and Baeyer 
made a similar observation concerning hexahydrome- 
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sitylene. On account of the slow formation of the nitro- 
derivative in the oil separated from petroleum, Markownikoff 
doubted the identity of octonaphtene and hexahydrois- 
oxylol. There seems to be no difficulty in forming the 
nitro-compound, at least in the oils we have in hand, 
although considerable t ime is required for its formation, 
possibly due to the dilution by other constituents. 
After  long-continued boil ing of this distil late with the 
acid mixture, followed by successive treatment with sodium 
until distil lation left no residue, analysis gave results re- 
quired for octane : 
Carbon, 84"eo ; hydrogen, I6"io. 
CANADIAN PETROLEUM.  
Under  the general title of Amer ican petroleum, with 
occasional reference to Pennsylvania "and to Canada as the 
particular sources, several partial examinat ions were early 
made of crude Canadian oil by French and English chemists. 
Pelouze and Cahours were the first to establish the presence 
of the series CnHk, + 2, and Schor lemmer recognized the pres- 
ence of benzol, toluol and cumol in "real  Canadian rock oil, 
a thick black liquid of a very unpleasant odor." 
My first acquaintance with Canadian petroleum was in 
I89O, when I procured some of the crude oil and also a 
quantity of the "sludge " from the refining of burning oil 
for the purpose of examining the sulphur compounds. The 
peculiar features of the distil lates in a prel iminary examina- 
tion (A~z. Chem. fokcrn., 16, 89)seemed especially inviting, 
and I decided to undertake, with the aid of the refiners, as 
complete an examination for the principal constituents as 
was possible with the appliances at my command. 
The products which I obtained from the refinery of 
Messrs. Samuel Baker & Co., at Petrolia, for the study of 
Canadian petroleum, included a barrel of crude oil, consid- 
erable quantit ies of the first distillate, naphtha distillate, 
and burning oil distillate, none of which had been further 
refined, besides zoo litres of thoroughly washed oil from 
"sludge acid." The crude oil was thick and nearly black in 
color, with the peculiar Penetrat ing odor characteristic of the 
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sulphur oils. It contained hydric sulphide in small quantity 
and some water, which was removed after long standing with 
fused calcie chloride. A determination of the specific 
gravity of the crude oil at 20 ° gave o'882I. A former deter- 
mination in another sample of crude oil gave 0"8600 (Mabery, 
Am. Chem. four., 16, 9o). These results differ widely from 
certain others hitherto reported. H.P.  Brummel (Can. Geol. 
Rep., I888, 89) gave, as the specific gravity of Canadian oil, 
o'8o4 and 0"808. Markownikoff and Ogloblin (Ann. Chtra. 
Phys., VI, 2, 372) referred to results by Deville which gave 
0"844 as the specific gravity of Canadian oil, and o.887 as the 
specific gravity of Ohio oil. The specific gravity of the oils 
at Petrolia was given by Redwood (fourn. Soc. Chem. Ind., 
1887, 405) as o'859--0"877, and of those at Oil Springs some- 
what lower, 0"844-o'854. We found the specific gravity of 
the latter oil to be essentially the same--o'8442. Probably, 
as Engler observed in the Elsass oils, the specific gravity 
diminishes with the depth of the well. 
Determinations of sulphur in the crude oil gave the fol- 
lowing results : 
I. II. III. 
Per cent. } o'98 o'99 i'o6 
Su lphur ,  
(By Carius.) (By combust ion  in air. ) 
The Canadian petroleum contains somewhat less carbon 
and hydrogen than Ohio sulphur oil : 
Canadian. Ohio. Pennsylvania. Russian. 
C.  • 83"94 84"57 84"19 86"89 
H • 13"37 13"62 13"7o 13"18 
In the Canadian Geological Report, 1888-1889, Brummel 
gave eighty-five pe r cent. for carbon and fifteen per cent. 
for hydrogen, but these results are evidently only approxi- 
mately correct. The percentages of carbon, hydrogen and 
oxygen in Canadian oil, as found by Pelouze aa0 Cahours, 
are as follows: 
C. H.  O. 
I . . . . . . .  84"2 I3"4 2"3 
I I  . . . . . . .  84"3 13"5 2"0 
In a distillation of the Canadian oil under atmospheric 
pressure, the following weights were obtained from 8o0 
grams, the distillation beginning at 115°: 
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II5°-I5 0~ 1"50°-2OO ° 2000--250~ 2500-300 ° 3000-35 °0 Residue. Loss. 
Weights.. 22 62"5 72 43 27 561 12 
Per cent. 2"75 7"8 9"5 5"1 3"~ 7Ol I'75 
Specific } 0"767 0"8026 0"8228 0"8345 0"9037 
Gravity, 
A compar i son  of the d ist i l la tes  at  d i f ferent  temperatures  
of oils f rom other  local i t ies  has  been  inc luded in consider-  
ing the proper t ies  of the Ohio  oil. A c learer  idea n~y be 
ga ined  of the pecu l ia r  character  of the Canad ian  oil by  com- 
par ing  the d ist i l lates  f rom it w i th  those f rom other  f ields: 
APSHERON. PENNSYLVANIA. 
c-Per Cent. Specific Gravity. Pe~ Cent. Specific Gravity. 
12o°-15 °0 . . 0 '  5 19"75 
15 °0-2000. - 10"9 0"786 8"75 0"757 
2000--25 °0 • • 12"8 0"824 15'23 0"788 
~50°--320 ° • , 24"7 o"86I  20"7 o '~o9 
47'9 64"43 
Residue • . 52"1 35"57 
CANADA. 
PerCent. Specific Gr. 
115°-15o ° 2 '75 0"767 I IO° - I5  °°  9"75 
150°-2OO ° 7"8 0"8026 150° -220 ° 1663 
2o00-25 °0 9"5 0"8228 2200-257 ° lO'75 
2500-3 °00 5 '1 0"8345 2570-3 °o0 9"75 
300o-35 °0 3'1 0"9037 30o0-35 °0 8'63 
28'25 55"51 
Residue . . 7o'Io 43'0o 
OHIO. 






In the percentages  of the lower  f rac t ions  it wil l  be seen 
that  the Canad ian  oil resembles  more  near ly  the  Russ ian  
oil, but  the res idue above  35 o° is somewhat  la rger  than  in 
the oils f rom other  local i t ies.  As  wil l  appear  later,  th is  
d i f ference is much less in d is t i l la t ions conducted  ilt vacuo. 
The percentage  of su lphur  was determined  in each dis- 
t i l late by  combust ion  in a i r :  
I I,~°--I5 O° I50°--2OO a 2000-25 °0 2500--300 ° 3OO°--35 o Res idue .  
Per cent. of'~ 0"28 0"42 0"50 0'51 ob6 0"70 
sulphur, ) 
Determinat ions  of the quant i ty  of b romine  absorbed  
ind icated s l ight  d i f ferences in the capac i ty  for absorpt ion  
between the h igher  f ract ions  and those f rom Ohio oil : 
VOL. CXL. No, ~35. 2 
18 
CANADA. 
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OHIO. 
F~actton. Per CenLqf  Br. Abs. ~racl~n. Per Cenl. o fBr .  Abs. 
115°-15 °0 0"67 110°-15 °0 0"73 
15o°-2oo ° I ' I2  15o°-22o ° 1"74 
2oo°-25 o° 3'49 22o°-257 ° 4"84 
2500-300 ° 8"39 2570-3o0 ° 5"04 
3oo°-35 o° 14'4 3oo°33 o° I2"I 
+35 °0 17'8 +33 o° 19"5 
The percentage of bromine absorbed by the crude oils 
was nearly the same. 
CANADA. OHIO. 
15"11 lO'i 9 
Below 200 ° the decomposition was slight, the distillates 
were colorless and hydrie sulphide escaped only in small 
quantities. Above this point the distillates began to appear 
yellow with the disagreeable odor of decomposition. It is 
probable that cracking begins near this temperature affect- 
ing the unsaturated hydrocarbons, if they are present, and 
perhaps other series as well as the sulphur compounds. 
Certain constituents of the Canadian oil seem to be more 
unstable than those of Ohio petroleum. The tendency 
towards polymerization of unsaturated hydrocarbons, epa- 
rated from distillates corresponding to burning oil, was 
observed by me (Amer. Chem. Jour., 18, 9 2) in an oil 
that had stood two years after prolonged distillation. 
When again heated, it suddenly polymerized into a higher 
product that could not be distilled without decomposition. 
The conversion of Canadian petroleum into pitch, upon long 
standing exposed to the weather, may be observed at Oil 
Springs. It is probably caused by evaporation or absorp- 
tion of the more volatile portions of the crude oil and poly- 
merization of unstable constituents. 
Determinations of carbon and hydrogen were made in a 
specimen of coke from Petrolia oil with the following 
results :
COKE FROM PETROLIA OIL.  O IL  SPR INGS PITCH.  
I. II. 
C . . . . . . . . . .  94"04 94"34 64 86 
H . . . . . . . . . .  4"19 4"34 8' I3 
Ash . . . . . . . . .  o'17 o'066 lO'13 
Analysis No. I was of  coke from crude oil, and No. I I  of coke from tar 
distillate. 
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The carbon was completely burned from another portion 
of the coke, No. II, and the weight of the ash ascertained. 
Since the quant i ty  of the crude oil corresponding to the 
coke is ten times the coke from this determination, the 
percentage of ash in the crude oil may be taken as o'o066. 
An examination of the ash showed that it was composed 
chiefly of calcic and magnesic oxides. It is interesting to 
note the presence of magnesic oxide in considerable quan- 
tities, indicating its dolomitic origin. 
It is practically impossible to distill the Canadian oil in 
the ordinary method on a small scale, unless it is nearly 
free from water, and the water can only be completely re- 
moved by long standing with large quantit ies of calcic 
chloride. After  the first disti l lation there is less difficulty 
in removing water except in the higher distillates. The 
necessity of vacuum disti l lation to avoid decomposition 
was even more evident in Canadian than in Ohio oil. In 
quantit ies of twelve liters each, 64"5 kilos were distil led in 
a porcelain still under a tension of fifty mill imeters, and the 
following quantit ies of the distil lates were collected at differ- 
ent temperatures : 
-IO~ ° lOO%15 °0 15o°-2oo ° 2oo°-25 o° 2500-3oo ° 3oo0-35 °0 Residue 
Grams.. 387 ° 7288 7159 8578 7869 6698 22059 
Percent. 6"oo 11- 3 II'I 13" 3 i2"2 lO"4 34"~ 
~5o°-35 o°
Percent. ) 
in Ohio~ 18"6 I9"8 15"1 I8"o 6'2 2o" 9 
oil. ) 
The differences in the weights collected at different em- 
peratures in Canadian and Ohio petroleum confirm the 
marked variation in composition already referred to. An 
explanation must evidently be sought in the larger quanti- 
ties of the series CnH2,, + ~ in the fractions below 15 °o from 
Ohio oil, and the greater quant i ty  of the heavier oils of the 
series CnH~ and similar series in the portions above this 
point from the Canadian oil. 
The percentages of sulphur in these disti l lates were also 
determined : 
-ioo ° lOO°--15 o° i5o°-2oo ° 20o0-25 °0 25o°-3oo ° 3ooo-35 o° Residue 
Per cent. )~o"2" of Sulphur f ~ 0"45 0'47 0"75 0"78 o"8I o'8& 
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When distil led without much decomposit ion, the sul- 
phur  compounds in the Canadian oil collect in smaller 
quantit ies in the lower disti l lates than is the case in the 
Ohio oil. 
The distil lates collected in vacz~o showed but  sl ight indi- 
cations of decomposit ion;  they were only sl ightly discol- 
ored, except the residue, above 35 o°, which had apparently 
undergone but  little decomposition. The disti l lates above 
I5 o° and the residue above 35 °0 are reserved for future 
study. 
The vacuum disti l late below 15 °° was fractioned twelve 
times, collecting at first within 5 ° then within 2 ° and finally 
within i ° limits, with the aid of a Warren condenser with 
glass coils and of Hempel  columns. At  the end of the 
eighth distil lation eight grams collected below 55 ° . Of the 
portion between 55 ° and 6o °, fifteen grams distil led constant 
at 6o~-61 o, barometer  74I mil l imeters, and a vapor density of 
the latter product gave 2"996 ; required for isohexane, 2"98. 
At  67°-68 °, after the twelfth distil lation, ten grams of oil 
collected, which gave a vapor density of 3"oi ; required for 
hexane, 2"o8. The disti l lates 75o-85 ° will be considered 
with the aromatic series. At  the end of the fifteenth distil- 
lation, eo grams distil led constant at 9o°-91 °, barometer  740 
mill imeters, and a vapor density determinat ion of this pro- 
duct gave 3'50 ; isoheptane, CrH14, requires 3"46. 
At  96°'5-97°'5, after the seventeenth distillation, barome- 
ter 74o millimeters, 8o grams collected that distil led con- 
stant within these limits, and its vapor density was found 
to be 3"63 ; required for heptane, 3"46. The composit ion of 
this oil was further establ ished by analysis :
o'I87o gram of the oil gave o'578I gram CO., and o'e514 
gram H20. 
Requi~ed for CzHlc,. Found. 
C . . . . . . . . . . . . . . . . . .  84"00 84"3 I 
H . . . . . . . . . . . . . . . . .  I6"OO I5'77 
Below io5 °, the disti l lates were not in sufficient quant i ty  
to indicate definite compounds. The fractions containing 
toluol will be described later. 
After  long distillation, a fraction weighing 9 ° grams col. 
i 
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lected constant at t I8°-I I9°'5, with a vapor density of 4"02; 
required for octane, CsH16, 3"94. This fraction was purified 
with much care, in the same manner as the corresponding 
distillate from Ohio oil, and a combust ion gave the fol- 
lowing percentages of carbon and hydrogen : 
(i) o"2o13 gram of the oil gave 0"6226 gram CO2 and 
0.2738 gram H20. 
(2) o'2o36 gram of the oil gave o'6318 gram CO~ and 
0"2799 gram 20. 
(3) 0"2045 gram of the ,oil gave 0"6324 gram CO2 and 
0.2762 gram H20. 
Required fo r  FOL'ND. 
CsHl~ ~ 2 S 
C . . . . . . .  84"20 84"35 84"6I  84"33 
H . . . . . .  15"79 15"12 15"28 15Ol  
The low percentages of hydrogen indicated the presence 
still of a small quant i ty  of the hydrocarbon containing less 
hydrogen, perhaps, of a series CnH2~, althoug h the main 
constituent seemed to be "a member  of the series CnH2~+2. 
For further purification, another portion of the same frac- 
tion was boiled for a long time with a mixture of nitric and 
sulphuric acids, and with sodium as long as a solid sub- 
stance was formed, and until no colored residue was left 
after distillation. A combustion then gave 83"90 per cent. 
of carbon, and 16"io per cent. of hydrogen, showing that the 
oil was then practically pure octane. This fraction is re- 
ceiving careful attention with reference to the action of 
chlorine and the formation of its derivatives. 
Between 12o ° and I28 °, the disti l lates collected with 
some persistence, as shown by the fol lowing weights after 
the eleventh disti l lation: 
I20~--r21 ° [21° - [22  ° 122~--123 ° I23°--124 ° 124°- I25  ° 125°--126 ° 126---[27 ° I27°--128 ° 
Grams 85 70 So 60 3 ° 3 ° 7 ° 60 
The weights between i2o ° and i24 ° seemed to indicate 
the presbnce of definite bodies which should require larger 
quantit ies of the oils for longer disti l lation and study of 
their behavior toward chemiealreagents.  One hundred and 
ten grams collected after the twelfth disti l lation at 126°-i 28 °, 
barometer 758 mill imeters, and after careful purification in 
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the manner already described, the result of the vapor den- 
sity determinat ion corresponded to octane;  found 4"24, 
required 3"95. The accumulation of such a large quant i ty 
of product within these limits shows the necessity of further 
examinat ion of the disti l late containing octanes. The frac- 
tions collected at 13o°-t42°, containing the xylols, will be 
considered later. At  145°-I46 °, after the twent ieth distil- 
lation, fractions collected with much persistence near I45 °, 
which evidently require further study to determine whether  
this indicates the presence of a definite compound:  
142°-143 ° 143°-144 ° 144°-I45 ° I45°-[46° 146°-147 ° 147°-I480 
Grams . . . .  30 32 50 75 25 22 
At the end of the tenth distillation, I6O grams collected 
at I49°-152 °, of which a large portion disti l led constant at 
I5O°-151 °, barometer 749 mill imeters, and gave a vapor den- 
s i ty required for nonane; found 4"56; required for C9H20, 4'43. 
Disti l lation of the portions above I6O ° will be continued. 
The results thus far obtained indicate that the series 
CnH2, + 2 is represented by the same hydrocarbons in the 
Canadian oil as have been found in Ohio and Pennsylvania 
oils, but  the lower members of the series are evidently pres- 
ent in much smaller proportions than in either of the other 
oils. This should be understood to apply to oil from the 
Petrol ia field. As elsewhere shown (Proc. Amer. Acad., 
current volume), the oil from Oil Springs contains much 
more of the volatile constituents. 
AROMATIC  SERIES .  
Ser ies  CnH2n-  6- 
BenzoL- - In  separating the members of the aromatic series, 
after the eighth distil lation, 20 grams collected at 77o-79 °, t 5 
grams at 79°-8I °, and 3o grams at 8t°-83 °. These fractions 
were treated with nitric acid in the manner already de- 
scribed for the formation of nitrobenzol, disti l l ing off the 
hydrocarbons not affected by the acid. The first fraction 
gave 2"8 per cent. of benzol, the second 4"4, and the third 
4"I4 per cent. This quant i ty  of benzol corresponds, in the 
total weight of the fractions, to 3 grams, representing o'oo47 
per cent. in the 64"5 kilos of crude oil first distilled. Scarcely 
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any benzol was found in the higher and lower fractions ;
the percentage is, perhaps, somewhat  higher than is here 
represented, although considerably less than the amount 
contained in the Ohio oil. The nitrobenzol was recognized 
by conversion into aniline, which gave its characteristic 
reaction with furfurol. 
Tohtol.--After the eighth disti l lation the distil late be- 
tween IO7" and 1o9 ° amounted to 40 grams, at IO9°-II l  ° to 
250 grams, and at [ 11°-I I3 ° to 5 ° grams. In treating these 
fractions for the formation of nitrotoluol, from IO9°-I 11 ° a 
weight of nitro-product and unaffected hydrocarbon was 
obtained, equivalent to five per cent. of toluol from the 
fraction IO7°-1o9 ° one per cent., and from the fraction i i i °- 
113 ° one per cent., the higher and lower fractions giving no 
nitrotoluol. The total weight of toluol in the three frac- 
tions was, therefore, 3"4 grams, equivalent o 0"005 per cent. 
of the total weight of crude oil taken. As a proof of toluol 
the nitro-derivative was converted into toluidine, which 
gave characteristic olor reactions. 
Xflols.--As already explained, Schof iemmer obtained 
indications of the presence of benzol and its homologues in 
Canadian petroleum, and separated cumol in the form of 
the trinitro-derivative. Between xz6°-z43 °, after the twen- 
tieth distillation, the fol lowing weights were obtained : 
I360-I37 ° I37°-I38° 138°-139 ° I39°-I4 o° 14o°-141° i41°-r4 l° I42°-i43 °
3 ° 40 25 40 2~ 47 3 ° 
On account of the close proximity of the xylols in boil ing 
points it would require longer disti l lation with large quanti- 
ties of the oils to separate them completely. We, therefore, 
depended upon the formation of derivatives with properties 
sufficiently well characterized for conclusions concerning the 
xylols from which they were formed. In the fraction 137 °- 
138°, p-xylol was tested for by heat ing a portion of the oil 
with nitric and sulphuric acid. The oil deposited, on standing, 
a crystall ine product, which, after crystall ization from alco- 
hol, melted at 139°-14 o°, therefore corresponding to trinitro- 
p-xylol. After  oxidation of another portion of the same 
oil with chromic acid, the solution was extracted with ether 
and the ether evaporated ; the white powder that remained 
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sublimed without melting, and resembled, in its appear- 
ance and properties, terephthalic aeid. The quantity of 
p-xylol was determined according to the method suggested 
by Levinstein, which eonsists in shaking the oil thirty 
minutes with concentrated sulphurie aeid and noting the 
decrease in volume. The loss in volume corresponded to
lO"77 per cent., representing other aromatic hydroearbons. 
The oil remaining was then agitated with fuming sulphurie 
acid to dissolve p-xylol, the diminution in volume represent- 
ing 9"02 per eent. In fraction i39°-i4 o° m-xylol was deter- 
mined by treating a portion of the oil with dilute nitric acid 
washing with caustic soda and distilling with steam, which 
carries over the m-xylol (Br~eckner, Bet., 9, 405)- The loss 
in volume, 7"5 per cent., was noted, and the distillate 
agitated with eoneentrated sulphurie acid; the last diminu- 
tion of volume represented 88 per cent. of metaxylol. In 
attempting to determine the presence of orthoxylol, and 
following closely methods which have been suggested for 
detecting this body in presence of the meta- and the para- 
compounds, the nitro-products and sulphonie aeids separated 
resembled so elosely the recta-derivatives that no conclu- 
sions could be reached as to orthoxylol. Evidently much 
larger quantities of these distillates and speeial methods of 
separation will be necessary. 
Referring the weights of the xylol-nitro-produets through 
the weights of the fractions to the original weight of crude 
oil, the quantity of paraxylol is 0"oo6 per cent., of metaxylol 
o'oo5 per cent. Through the formation of sodium xylolsul- 
phonate o'oo 9 per cent. of xylol was found in fraction 142°- 
I43 °, which should apparently be referred to the quantity 
of metaxylol. Evidently these results can be aeeepted as 
represented, only approximately the quantities of the xylols, 
but they doubtless represent the comparative quantities in 
the two oils under consideration. In the distillates between 
i3 o° and 14 °0 there were indications of other aromatic hy- 
drocarbons capable of forming nitro-products, but larger 
quantities of the oils will be needed for their separation. 
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SERIES CnH2n. 
In examining the fraction 680-69 °, collected after the 
twelfth distillation, for hexahydrobenzol, it was carefully 
purified with alcoholic mercuric chloride, nitric acid, sul- 
phuric acid, and boiling with sodium. A combustion then 
gave percentages of carbon and hydrogen req~lired for hex- 
ane : carbon 83"45, required 8Y7i ; hydrogen 1599, required 
I6"28. 
The fraction 970-980 was purified in a similar manner, 
except with a mixture of nitric and sulphurie acids, which 
gave a nitro-compound heavier than water, equivalent o 
ten per cent. of the original oil. This nitro-compound dis- 
solved readily in sodie hydrate with a red color and repre- 
cipitated with acids. The purified oil gave percentages of
carbon and hydrogen required for heptane: carbon 84" 3I, 
required 84"00 ; hydrogen 15"77, required I6"oo. 
This distillate, therefore, consisted chiefly of heptane, 
and it contained no hexahydrotoluol. 
Hexa/o'droisoxylol, CsH~6.--After treating with concen- 
trated nitric and sulphuric acids the fraction 1 18°-i i9 ° of 
the sixteenth distillation, the acid was considerably colored 
from decomposition, and, on cooling, crystals formed, which 
were sparingly soluble in cold alcohol. When purified from 
hot alcohol this substance melted at i7 8°, the melting point 
of trinitroisoxylol. Hexahydroisoxylol was therefore present 
in this distillate, although only in small quantity. Deter- 
minations of carbon and hydrogen seemed to indicate still 
a small quantity of the hexahydro-compound, as shown by 
the low percentage of hydrogen, yet the principal constit- 
uent evidently belongs to the series CnH2n + 2: 
REQUIRED FOR, FOUND. 
CsH, s C~H16 z. e. 3. 
C. . .  84"2o 85"7i $4"35 84"6I 84"33 
H • - I5"79 I4'28 15'12 i5"28 i5-oi 
That this distillate consisted chiefly of octane was shown 
by the percentages of carbon and hydrogen after the thor- 
ough treatment with acids and sodium already described : 
carbon, 8Y9O ; hydrogen, I6"io. 
The larger percentage of hydrogen, now sufficiently close 
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to the composit ion required for CsH,s showed that the hexa. 
hydroisoxylol had been removed. 
Hexahydromesi ty lene has been identified in Caucasus 
petroleum by Markownikoff and Ogloblin (Ber. der deutsch. 
chem. Gesellsch., 16, 1873), and it is quite possible that it is 
also present in Canadian petroleum. We shall submit  lar. 
ger quantit ies of the disti l lates between ~35 ° and I4 o° to 
careful examination to ascertain whether  it is a const i tuent  
of Canadian oil. 
The work now in progress includes an examination of 
the disti l lates between o ° and 9 ° for the butanes;  the 
portions disti l l ing between I i8 ° and I3O ° for the octanes, 
and the portions above I5o ° . Work is also in progress in 
this laboratory on the disti l lates above I5O ° from Pennsyl- 
vania petroleum, and on petroleum from the Macksburg 
field, taken at different levels, including the Berea grit oil. 
The sulphur compounds in Ohio and Canadian oils, and 
the nitrogen and oxygen compounds in Ohio oil, are also 
receiving attention. 
In the study of Ohio petroleum, I have received efficient 
aid from Mr. E. J. Hudson, and in the Canadian oil from Mr. 
W. H. King. I should also acknowledge my obl igations to 
Messrs. W. G. K ing and W. O. Quayle, instructors in this 
laboratory, and to my assistants, Messrs. Little, Cleveland 
and Giessen. This work has been carried on with aid 
granted by  the American Academy of Arts and Sciences, 
from the C. M. Warren Fund for chemical research. 
